Objective. To analyze the natural history of small asymptomatic pancreatic neuroendocrine tumors (PanNET) and to present a matched comparison between groups who underwent either initial observation or resection. Management approach for small PanNET is uncertain. Methods. Incidentally discovered, sporadic, small (\3 cm), stage I-II PanNET were analyzed retrospectively between 1993 and 2013. Diagnosis was determined either by pathology or imaging characteristics. Intention-to-treat analysis was applied. Results. A total of 464 patients were reviewed. Observation was recommended for 104 patients (observation group), and these patients were matched to 77 patients in the resection group based on tumor size at initial imaging. The observation group was significantly older (median 63 vs. 59 years, p = 0.04) and tended towards shorter followup (44 vs. 57 months, p = 0.06). Within the observation group, 26 of the 104 patients (25 %) underwent subsequent tumor resection after a median observation interval of 30 months (range 7-135). At the time of last follow-up of the observation group, the median tumor size had not changed (1.2 cm, p = 0.7), and no patient had developed evidence of metastases. Within the resection group, lowgrade (G1) pathology was recorded in 72 (95 %) tumors and 5 (6 %) developed a recurrence, which occurred after a median of 5
tumor resection after a median observation interval of 30 months (range . At the time of last follow-up of the observation group, the median tumor size had not changed (1.2 cm, p = 0.7), and no patient had developed evidence of metastases. Within the resection group, lowgrade (G1) pathology was recorded in 72 (95 %) tumors and 5 (6 %) developed a recurrence, which occurred after a median of 5.1 (range 2.9-8.1) years. No patient in either group died from disease. Death from other causes occurred in 11 of 181 (6 %) patients. Conclusions. In this study, no patient who was initially observed developed metastases or died from disease after a median follow-up of 44 months. Observation for stable, small, incidentally discovered PanNET is reasonable in selected patients.
Overdiagnosis has become an evolving challenge for several cancer subtypes. It is defined as the identification of tumors that otherwise would not progress to cause symptoms or death. 1 The leading cause for overdiagnosis is the increased use of high-resolution diagnostic imaging. Support for this statement can be found in the reported threefold increase in Medicare beneficiaries who have undergone abdominal CT during the past decade. 2 Overdiagnosis, if not recognized, frequently results in overtreatment. Studies that have estimated the extent of overdiagnosis have found this phenomenon in approximately 60 % of prostate-specific antigen-detected prostate cancers, 25 % of mammographically detected breast cancers, and 50 % of chest x-ray and/or sputum-detected lung cancers. [3] [4] [5] Similar observations have been reported in patients with thyroid cancer, melanoma, and kidney cancer. [6] [7] [8] [9] Our group has recently reported the phenomenon of overdiagnosis in patients who present with cystic lesions of the pancreas. 10 In that study, the 5-year risk of death from pancreatic cancer in those initially selected for radiographic surveillance was 2.5 %, whereas the 5-year risk of death from other causes in those initially selected for radiographic surveillance was more than 20 %.
Pancreatic neuroendocrine tumors (PanNET) are the second most common neoplasm of the pancreas after adenocarcinoma. 11 The prevalence of PanNET in the general population is approximately 1/100,000, but higher rates have been documented in postmortem studies, ranging between 1 and 10 % of autopsies (depending on the number of sections performed). [12] [13] [14] This gap suggests that the majority of PanNET never become clinically relevant and thus may serve as a potential reservoir for overdiagnosis. It can be speculated that this reservoir, coupled with the improved diagnostic imaging modalities, may account for the sevenfold increase in the incidence of small Pan-NET in the United States during the past two decades. 15 We hypothesized that a substantial portion of the incidentally discovered, small PanNET are overtreated as a result of overdiagnosis and that an initial observation approach may be reasonable for selected patients. Herein, we present what we believe to be the first matched comparison between groups who underwent either initial observation or tumor resection. In addition, we performed a comprehensive analysis of the natural history of sporadic, incidentally discovered PanNET smaller than 3 cm.
METHODS

Study Design
Approval was obtained from Memorial Sloan Kettering Cancer Center's (MSKCC) Institutional Review Board. The institutional cancer database was queried for patients with an initial working diagnosis of PanNET between 1993 and 2013. Patients were identified either by pathological diagnosis of PanNET or by keyword search through the clinic registry or imaging reports. Patients were only included if they had either a pathological diagnosis or imaging characteristics of PanNET. All patients who were included had an unambiguous clinic note from the attending surgeon that stated the tumor was PanNET. The following exclusion criteria were applied: (1) Patients without tissue diagnosis whose imaging characteristics also could be consistent with either pseudoaneurysm, splenule, serous cystadenoma, solid pseudopapillary tumor, metastatic tumor, or intraductal papillary mucinous neoplasm; (2) Treatment-related variables were obtained from the database and cross-sectional imaging characteristics were reviewed by a radiologist (RKGD) with specific expertise in pancreatic tumors. Imaging characteristics were recorded from the first imaging report that documented the presence of PanNET, with the exception of size that was recorded both at initial diagnosis and at last follow-up or before resection.
Histopathologic assessment was performed and tumors were graded into low and intermediate groups according to the WHO 2010 definitions. 17 Tumor stage was defined according to the American Joint Committee on Cancer (AJCC) definitions. 16 
Data Analysis
The study design was a matched case-control study. The observation and resection groups were determined according to an intention-to-treat principle. The observation group was defined as patients who were either followed by radiographic surveillance or patients who were resected after at least 6 months of radiographic surveillance. Patients from the observation group were matched with patients who had undergone tumor resection without an initial observation approach. Case matching was performed with initial tumor size at initial imaging. This variable was selected to reduce the confounding effect of clinically established factor that influence treatment recommendations and outcome. 18 The match selection process was random and was performed by a statistician (MG) who was blinded to the clinical and outcome data.
Descriptive and comparative statistics were performed using Stata version 13.1 software. Continuous variables were compared using the Student t test or Mann-Whitney U test, as appropriate by the type of distribution. Categorical variables were compared using v 2 or the Fisher exact test depending on the number of observations. A p value \0.05 was considered significant. Follow-up was determined from the initial imaging that identified the presence of PanNET and ended at the date of last imaging. Survival distributions were estimated using the KaplanMeier method. Time to event was calculated from the date of initial follow-up. An event for metastasis-free survival was defined as any locoregional or distant metastatic progression or death. Patients without the event of interest at last follow-up were censored. 
RESULTS
During
Patient Selection
Of the 464 patients with stage I-II PanNET, 113 patients were initially observed radiographically (Fig. 3 ). Within this group of 113 patients, there were 9 who were diagnosed with familial syndromes and were excluded from further analysis. Thus, a total of 104 patients were included in the observation group. During the same time period, a total of 351 stage I-II patients were treated with initial resection. Within this group of 351 patients, there were 37 with familial syndromes who were excluded from further analysis. Based on initial tumor size, a matched control group (resection group) was selected, which included 77 patients who had undergone tumor resection.
Clinical Characteristics
The observation group was older (median 63 years, IQR 55-72) than the resection group (median 59 years, IQR 51-68; p = 0.04). Table 1 Table 2 summarizes the outcome characteristics and Table 3 details the surgical and pathological characteristics. The median follow-up of the observation group and resection group was 44 months (range 4-223) and 57 months (range 10-176), respectively (p = 0.06). During observation, the median tumor size did not change (Table S1 ).
Outcomes
Additionally, in Table 4 we performed a separate comparison between the resection group (n = 77) and the observation only group (n = 78; Fig. 3) . No betweengroup differences were noted with regard to initial tumor size, final tumor size, and survival. It is noteworthy that compared to the resection group, the observation only group was older [median age (years) 65 vs. 59, p = 0.001] and the follow-up was shorter [median (months) 33 vs. 57, p \ 0.001]. NA not analyzed a Final tumor size in the observation group was measured from the last imaging taken at the end of the observation period. Final tumor size in the resection group was measured from the pathological report b Defined as the pathological staging for patients who underwent resection. For patients who were observed without resection, staging was defined clinically at last imaging follow-up c One patient that developed recurrence in the portal lymph node underwent re-resection and was NED (no evidence of disease) on last followup. The other four patients developed recurrences in the following sites: mesenteric lymph nodes (two patients), liver (one patient), and pelvis (one patient)
DISCUSSION
The incidence of small PanNET has increased sevenfold during the past two decades, and their relative proportion compared to all PanNET has doubled. 15 We hypothesized that overdiagnosis explain, in part, this increase and that overtreatment is a potential concern. This report is a casecontrol study, which matches patients with small (\3 cm) PanNET based on initial tumor size in an attempt to evaluate the potential concern of overdiagnosis and to further describe the natural history of this uncommon and relatively indolent disease.
In general, routine resection has been recommended for patients who present with PanNET. The rationale for routine resection is based on the risk of malignant progression, as well as the ability to relieve symptoms. On the contrary, the concept of an initial observation approach in PanNET was first introduced in the setting of MEN1 syndrome, in which a ''field-defect'' is present throughout the gland and unless total pancreatectomy is performed, the pancreatic remnant is prone to develop new tumors. [19] [20] [21] There are several theoretical reasons to consider an initial observation approach in sporadic small PanNET. The indolent course of small PanNET has been recently demonstrated by Lee et al. who evaluated 133 patients with sporadic PanNET \ 4 cm. 22 Within the group of 77 patients in their study who underwent observation there was no reported disease progression or disease-specific mortality after a mean follow-up of 45 months. The nonmatched group that underwent tumor resection (n = 56) was followed for a mean of 52 months and experienced no recurrence or disease-specific mortality. A similar observation was demonstrated in a multi-institutional study that reported on 46 patients with small PanNET (\2 cm) in whom no nodal or distant metastases developed after a median follow-up of 34 months. 23 In light of this indolent course, an initial observation approach has been suggested, as pancreatic resection continues to be associated with a risk of substantial morbidity and mortality. Additional reasons to consider an initial observation approach include exocrine and endocrine pancreatic insufficiency. 24, 25 Thus, as the incidence of PanNET increases dramatically, it is unclear what the clinical significance of small PanNET will be. 15 Advocates of routine resection claim that an aggressive surgical approach should be practiced with any asymptomatic PanNET. Haynes et al. reviewed 139 patients who underwent resection of any asymptomatic PanNET and showed that 3 (8 %) of 39 patients with tumors 2 cm or smaller eventually developed disease recurrence and died of their disease. 26 It is noteworthy that only 1 (2 %) of the three patients was initially diagnosed without gross local invasion and/or metastases. They concluded that resection should be offered regardless of tumor size and growth characteristics. However, a limitation of similar single-arm surgical case series is that patients who were initially approached by observation were not included. Therefore, it cannot be determined whether patients who progressed could have been identified during an initial observation approach, based on tumor size and growth over time, and only once the disease has declared a more aggressive behavior, may be managed by resection. In the current study, the observation group was followed for a median of 44 months and demonstrated no tumor growth and no development of metastases (locoregional or distant). The matched group of patients who initially underwent tumor resection was followed for a median of 57 months and demonstrated low-grade pathology in 95 % tumors, node negative disease in 99 % of patients, and 6 % developed recurrence, which occurred after a median of 5 years. No patient in either group died from the disease and death from other causes occurred in 6 % of patients. These favorable results are clearly attributed to the rigorous selection process of ''low-risk'' tumors in both groups. In our opinion, it is evident that in selected patients the risks of pancreatic resection and non tumor-related death prevail NA not analyzed a Final tumor size in the observation group was measured from the last imaging taken at the end of the observation period. Final tumor size in the resection group was measured from the pathological report b Defined as the pathological staging for patients who underwent resection. For patients who were observed without resection, staging was defined clinically at last imaging follow-up c One patient that developed recurrence in the portal lymph node underwent re-resection and was NED (no evidence of disease) on last followup. The other four patients developed recurrences in the following sites: mesenteric lymph nodes (two patients), liver (one patient), and pelvis (one patient) over the risks of malignancy (tumor-related death and tumor progression). These considerations are accentuated, as the elderly population is steadily growing and age remains an established risk factor for postoperative complications and mortality. 27, 28 It is noteworthy that a quarter of the observation group crossed over to resection, mostly due to increasing tumor size, patient's preference, and physician's preference. None of these patients developed symptoms prior to resection. After a median follow-up of 7 years, none of these patients developed locoregional or distant metastases. These data suggest that delayed surgical intervention may not compromise long-term outcomes.
In the future, the management of these tumors may be improved by defining disease dynamics (behavior over time) and by molecular diagnostics that may predict whether a PanNET has a more aggressive or indolent phenotype. A recent collaborative study, which performed whole exome sequencing, found that 44 % of sporadic PanNET harbored somatic inactivating mutations in MEN-1 and that mutations in the MEN1 gene were associated with improved survival. 29 In addition, a large multi-institutional study from Switzerland demonstrated that loss of DAXX/ATRX proteins was associated with poor survival in patients with PanNET. 30 Validation of markers such as these may further guide the selection of patients for initial observation approach.
Limitations of the current study include its retrospective design and the relatively short follow-up of the observation group. Therefore, we stress that an initial observation approach must go along with a low threshold for surgical intervention if a tumor develops aggressive characteristics (e.g., tumor growth, regional lymph node involvement). On the contrary, this is the first case-control study, which matches patients based on initial tumor size in an attempt to elucidate the natural history of this rare disease. Ideally, the question of how to manage these PanNETs should be studied in a prospective randomized study. However, given the low prevalence of these tumors and their relatively indolent course, such a trial is unlikely to be accomplished. The intention-to-treat analysis enabled us to characterize disease dynamics in greater detail than previously reported. 22, 23 Notably, population-based data exists; however, their conclusions that tumor resection improves survival, regardless of tumor size and growth characteristics, are difficult to reach given the lack of data regarding familial predisposition, tumor growth characteristics, intent of surgical procedure (palliative or curative), resection margin status, comorbidities, performance status, the evolving grading terminology over time, and changing registry protocols.
31,32
CONCLUSIONS
The results of this study suggest that not all sporadic PanNET require resection, and that it is reasonable and safe to initiate an initial observation approach with selected patients who are identified with small (\3 cm), stable, nonfunctional, incidentally discovered PanNET. A selective initial observation approach will lessen overtreatment by avoiding unnecessary operative morbidity and mortality in this subset of patients who may not benefit from resection. Further investigation into disease dynamics and molecular markers is warranted in order to better characterize management strategies.
